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SIGNAL RECORDING OR REPRODUCING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for the
recording or reproduction of a signal on a tape-like record-
ing medium by a rotary head, more particularly relates to an
apparatus for the recording or reproduction of the signal
reciprocally on a tape-like recording medium by controlling
an angle of inclination of the rotary head.

2. Description of the Related Art

Known 1n the art 1s a digital video tape recorder apparatus
(hereinafter referred to as a “digital VIR”) which records
and reproduces audio, video, and other data in the form of
digital information on a magnetic tape. In such a digital
VTR, to achieve both of an improvement of the frequency
characteristics by an increase of the relative speed of the
magnetic head and the magnetic tape and a reduction of the
amount of use of the magnetic tape at the time of recording
and reproduction, the data 1s recorded and reproduced by
helical scanning, that 1s, using a rotary head drum on which
a magnetic head are arranged and scanning the surface of the
magnetic tape wound at an angle around the rotary head
drum by the magnetic head.

The rotary head drum used i1n such a digital VIR 1s
comprised, for example, as shown 1n FIG. 1, of a rotary head
drum 91 on which a magnetic head 90 having a single head
ogap 15 attached and guide rollers 93 and 94 regulating the
travel of the magnetic tape 92. The guide rollers 93 and 94
wind the magnetic tape 92 around the rotary head drum 91
at an angle.

As shown 1n for example FIG. 2, there 1s another rotary
head drum which has two magnetic heads 95 and 96 each
having a single head gap at facing positions of the rotary
head drum 91. Here, the winding angle of the magnetic tape
92 1s set to about a half of that in the case where one
magnetic head 90 1s provided on the rotary head drum 91.

In the above digital VIR, when recording data using these
rotary head drums, the magnetic tape 92 1s made to travel at
a constant speed by a capstan servo system and the rotary
head drum 91 i1s rotated at a constant speed by a magnetic
head speed control system.

The relationship between the rotational speed of the rotary
head drum and the travelling speed of the magnetic tape 1s
determined so that, for high density recording on the mag-
netic tape, where one magnetic head 1s provided on the
rotary head drum as shown 1n FIG. 1, one recording track
having a predetermined angle of inclination 1s formed during
one rotation of the rotary head drum and so that recording
tracks are formed continuously without gaps at the prede-
termined angle of inclination when the rotary head drum
continuously rotates. When two magnetic heads are pro-
vided on the rotary head drum as in FIG. 2, two recording
tracks having the predetermined angle of inclination are
formed during one rotation of the rotary head drum and
recording tracks are continuously formed without gaps at the
predetermined angle of inclination when the rotary head
drum continuously rotates.

When the recording 1s carried out on the magnetic tape 92
by the magnetic head 90 or the magnetic heads 95 and 96
attached to the rotary head drum 91 1n this state, as shown
in FIG. 3, recording tracks 97 inclined by the amount of the
predetermined angle are formed on the magnetic tape 92
without gaps.
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2

Note that, where the above magnetic head 90 or the
magnetic heads 95 and 96 has a plurality of N number of
head gaps, in the configuration of FIG. 1, N number of
recording tracks having the predetermined angle of inclina-
tion are formed during one rotation of the rotary head drum
and recording tracks having the predetermined angle of
inclination are continuously formed without gaps when the
rotary head drum continuously rotates. Further, 1in the con-
figuration of FIG. 2, 2N number of recording tracks having
the predetermined angle of inclination are formed during
one rotation of the rotary head drum and recording tracks
having the predetermined angle of inclination are continu-
ously formed without gaps when the rotary head drum

continuously rotates.

In such a digital VIR, turther recording and reproduction
after the recording and reproduction in the FWD direction 1s
ended requires the rewinding of the magnetic tape. For this
reason, so as to perform recording again, it 1S necessary to
first rewind all of the magnetic tape and so there 1s a problem
that a long time 1s required until recording can be restarted.
Particularly, handheld video cameras etc. are designed to
save power, so the rewinding speed 1s very low and a
significant time 1s required for the rewinding operation.
Further, even 1f it becomes urgently necessary to record a
scene, recording 1s 1impossible during this rewinding.

Here, so as to solve this problem, reciprocal recording
wherein, when the recording 1 one direction 1s ended, the
direction of travel of the magnetic tape 1s reversed and
recording 1n the other direction 1s carried out can be con-
sidered.

In the above digital VIR, however, when just performing
the recording by setting the direction of supply of the
magnetic tape to the reverse (REV) direction without chang-
ing the rotational speed of the rotary head drum, as shown
in FIG. 4, the angle of inclination of the recording track 98R
formed becomes different from the angle of inclination of
the recording track 98F of the forward (FWD) direction.
Since the recording tracks 97 are formed 1n the FWD
direction without gaps, the recording will be carried out
while overwriting the data on the FWD direction recording
tracks and therefore reciprocal recording and reproduction
cannot be carried out as 1n an audio magnetic cassette tape.

To perform reciprocal recording by using a digital VIR,
when recording in the forward (FWD) direction or the
reverse (REV) direction, where one magnetic head has one
head gap, 1t 1s necessary to form the recording tracks at every
other track and, where one magnetic head has a plurality of
N number of head gaps, 1t 1s necessary to form the recording
tracks at every other N number of tracks.

In this case, first, the speed of travel of the magnetic tape
92 1s made two times higher than that when the recording
tracks are formed without gaps without changing the rota-
tional speed of the rotary head drum 91 and the recording
carried out making the magnetic tape travel in the FWD
direction. Due to this, during the period where one or N
number of recording tracks are recorded, the magnetic tape
is shifted by 2 (or 2N) recording tracks and, as shown in FIG.
SA, the FWD direction recording tracks 99F are formed at
every other (or every other N number) of tracks on the
magnetic tape 92.

Next, when the magnetic tape 1s made to travel up to the
end, the direction of travel of the magnetic tape 1s reversed
to the REV direction and recording carried out while main-
taining the same speed of travel for the magnetic tape. Due
to this, as shown 1n FIG. 5B, the REV direction recording
tracks 99R are formed at every other (or every other N
number) of tracks.
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In general, however, the angle of inclination of the rotary
head drum 1s fixed to the angle of inclination when per-
forming the recording 1n the FWD direction, so the angles of
inclination of the FWD direction recording tracks 99F and
the REV direction recording tracks 99R are different. For
this reason, when recording 1in the REV direction after
recording in the FWD direction, as shown 1n FIG. 5C, the
recording 1s made with the REV direction recording tracks
99R partially overlapping the FWD direction recording
tracks 99F on which the data was previously recorded, so
there 1s a problem 1n that reciprocal recording cannot be
carried out.

OBJECT AND SUMMARY OF THE INVENTION

The present invention was made 1n consideration of the
above problems and has as an object thereof to provide a
recording apparatus 1n which the angle of inclination of the
forward direction recording tracks and the angle of inclina-
fion of the reverse direction recording tracks are made to
match and, at the same time, the reverse direction recording
tracks can be recorded on between the forward direction
recording tracks for reciprocal recording.

To attain the above object, according to a first aspect of
the present invention, there 1s provided a signal recording
apparatus wherein a tape-like recording medium 1s made to
travel 1n a first direction of travel and a second direction of
travel reverse to this first direction of travel and the signal 1s
recorded on the tape-like recording medium by a rotary
head, including a signal processing means, including a
synchronization detecting means for detecting synchroniza-
tion information of the 1nput signal, for processing the 1input
signal to a signal to be recorded on the tape-like recording
medium; a rotary head means, having a recording head
means for forming N (any integer) number of recording
fracks per scan on the tape-like recording medium, for
recording the signal from the signal processing means on the
tape-like recording medium; a recording control means for
controlling the speed of travel of the tape-like recording
medium and the rotational speed of the rotary head means
based on the synchronization information so that the record-
ing tracks are formed on the tape-like recording medium by
the rotary head means 1n units of N number of tracks every
other N number of tracks; an angle of inclination control
means for controlling the inclination of the rotary head
means for setting the angle of inclination of the recording
tracks formed by the rotary head means with respect to the
direction of travel of the tape-like recording medium to a
plurality of different angles; and a control means for con-
trolling the recording of the output signal of the signal
processing means to the tape-like recording medium by
making the tape-like recording medium travel in the first
direction of travel and second direction of travel, which
control means controls the recording control means and the
angle of inclination control means so that the recording
fracks are formed at a predetermined angle of inclination
when recording by making the tape-like recording medium
travel 1n the first direction of travel, controls the recording
control means so that the recording tracks are formed
between the recording tracks formed at the recording n the
first direction of travel when recording by making the
tape-like recording medium travel 1 the second direction of
travel, and controls the angle of inclination control means so
that the recording tracks formed at this time become parallel
to the recording tracks formed at the recording 1n the first
direction of travel.

According to a second aspect of the present invention,
there 1s provided a signal reproducing apparatus wherein
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4

recording tracks having a predetermined angle of inclination
are formed in units of N (any integer) number of tracks every
other N number of tracks in recording in a first direction of
travel for recording of the signal, N number of recording
tracks of the predetermined angle of inclination are newly
formed between the recording tracks formed at the recording
in the first direction of travel 1n a second direction of travel
reverse to the first direction of travel for recording of the
signal, and, further, a tape-like recording medium on which
a control signal for the recording in the first direction of
travel and second direction of travel 1s recorded 1s made to
travel 1n the first direction of travel and the second direction
of travel for reproduction of the recorded signal by a rotary
head, comprising a rotary head means, having a reproduc-
tion head means for reproducing a signal from the recording
tracks of the tape-like recording medium in units of N
number of tracks per scan, for obtaining a reproduced signal
from the recording tracks formed on the tape-like recording
medium; a control signal reproducing means for reproducing
the control signal recorded on the tape-like recording
medium; a signal processing means for processing the
reproduced signal to form an output signal; a reproduction
control means for controlling the speed of travel of the
tape-like recording medium and the rotational speed of the
rotary head means based on the control signal so that the
signal recorded on the recording tracks on the tape-like
recording medium 1n units of N number of tracks every other
N number of tracks 1s reproduced by the rotary head means;
an angle of inclination control means for controlling the
inclination of the rotary head means so as to set the angle of
the path of scanning of the reproduction head means with
respect to the direction of travel of the tape-like recording
medium to a plurality of angles; and a control means for
controlling the reproduction of the signal recorded on the
tape-like recording medium based on the reproduced control
signal by making the tape-like recording medium travel in
the first direction of travel and the second direction of travel,
which control means controls the reproduction control
means and the angle of inclination control means so as to
scan the recording tracks at the predetermined angle of
inclination when reproducing by making the tape-like
recording medium travel 1n the first direction of travel and
controls the reproduction control means and the angle of
inclination control means so that the recording tracks
between the recording tracks scanned at the reproduction in
the first direction of travel are scanned when reproducing by
making the tape-like recording medium travel in the second
direction of travel.

According to a third aspect of the present invention, there
1s provided a signal recording and reproducing apparatus
wherein a tape-like recording medium 1s made to travel 1n a
first direction of travel and a second direction of travel
reverse to this first direction of travel, a signal 1s recorded on
the tape-like recording medium by a rotary head, and the
signal recorded 1n this way 1s reproduced by a rotary head,
including a recording signal processing means, 1including a
synchronization detecting means for detecting synchroniza-
tion mmformation of an input signal, for processing the 1nput
signal to a signal to be recorded on the tape-like recording
medium; a rotary head means, having a recording head
means forming N (any integer) number of recording tracks
per scan on the tape-like recording medium for recording the
signal from the signal processing means; a reproduction
head means for reproducing the signal recorded on the N
number of recording tracks per scan on the tape-like record-
ing medum; a reproduced signal processing means for
processing the signal from the reproduction head means to
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form an output signal; a control signal forming means for
forming a control signal based on the synchronization mfor-
mation; a control signal recording and reproduction means
for recording and reproducing the control signal i1n the
longitudinal direction of the tape-like recording medium; a
recording and reproduction control means for controlling the
speed of travel of the tape-like recording medium and the
rotational speed of the rotary head means based on the
synchronization information so that the recording tracks are
formed i1n the tape-like recording medium in units of N
number of tracks every other N number of tracks by the
rotary head means when recording the signal on the record-
ing medium and controlling the speed of travel of the
tape-like recording medium and the rotational speed of the
rotary head means based on the reproduced control signal so
that the signal recorded on the recording tracks of the
tape-like recording medium 1s reproduced by the rotary head
means 1n units of N number of tracks every other N number
of tracks when reproducing the signal from the recording
medium; an angle of inclination control means for control-
ling the 1nclination of the rotary head means so as to set the
angle exhibited by the path of the scanning of the recording
head means and the reproduction head means with respect to
the direction of travel of the tape-like recording medium to
a plurality of different angles; and a control means for
controlling the recording of the output signal of the signal
processing means to the tape-like recording medium and, at
the same time, controlling the reproduction of the signal
recorded on the tape-like recording medium by making the
tape-like recording medium travel in the first direction of
travel and second direction of travel, which control means
controls the recording and reproduction control means and
the angle of inclination control means so that the recording
tracks are formed at the predetermined angle of inclination
with respect to the direction of travel of the tape-like
recording medium when recording by making the tape-like
recording medium travel in the first direction of travel,
controls the recording and reproduction control means so
that the recording tracks are formed between the recording
tracks formed at the recording 1n the first direction of travel
when recording by making the tape-like recording medium
travel 1n the second direction of travel, controls the angle of
inclination control means so that the recording tracks formed
at this time become parallel to the recording tracks formed
at the recording in the first direction of travel, controls the
recording and reproduction control means and the angle of
inclination control means based on the reproduced control
signal so as to scan the recording tracks at the predetermined
angle of inclination when reproducing by making the tape-
like recording medium travel 1n the first direction of travel,
and controls the recording and reproduction control means
and the angle of inclination control means based on the
reproduced control signal so that the recording tracks
between the recording tracks scanned at the reproduction in
the first direction of travel are scanned when reproducing by
making the tape-like recording medium travel in the second
direction of travel.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present
invention will become more apparent from the following
description of the preferred embodiments made with refer-
ence to the attached drawings, wherein:

FIG. 1 1s a view of the configuration of a rotary head drum
of a conventional digital VTR;

FIG. 2 1s a view of another configuration of a rotary head
drum of a conventional digital VIR;
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FIG. 3 1s a view of a recording format of a conventional
digital VIR;

FIG. 4 1s a view explaining the recording operation of a
conventional digital VIR;

FIGS. 5A to 5C are views explaining the recording
operation of a conventional digital VIR;

FIG. 6 1s a block diagram of the configuration of a first
embodiment in which a recording apparatus according to the
present 1nvention 1s applied to a digital VIR;

FIG. 7 1s a sectional view of a concrete configuration of
a rotary head drum of a digital VIR;

FIG. 8 1s a perspective view of a concrete shape of a
supporting portion of the rotary head drum;

FIGS. 9A and 9B are views of the concrete shape of the
rotary head drum;

FIGS. 10A to 10C are views explaining the adjustment of
the rotary head drum 1n an azimuth direction;

FIGS. 11Ato 11C are views for explaining the adjustment
of the rotary head drum 1n a zenith direction;

FIG. 12 1s a view of the configuration of a distance sensor
of the rotary head drum;

FIG. 13 1s a view explaining the control operation of an
angle of inclination of a rotary head portion in a digital VIR;

FIGS. 14A to 14C are view of recording tracks formed by
the digital VIR;

FIG. 15 1s a view for explaining the operation of a second
embodiment 1n which the recording apparatus according to
the present mnvention 1s applied to a digital VTR;

FIG. 16 1s a view of the recording format of a digital VIR;

FIG. 17 1s a view explaining the control operation of the
angle of inclination of the rotary head portion 1n a digital

VTR;

FIG. 18 1s a view of a FWD direction recording operation
of a digital VIR;

FIG. 19 1s a view of a REV direction recording operation
of a digital VIR;

FIG. 20 1s a block diagram of the configuration of a rotary
head portion of a digital VIR;

FIG. 21 1s a view explaining a tracking control operation
of the rotary head portion; and

FIGS. 22A and 22B are views explaining the tracking
control operation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Below, preferred embodiments of the present invention
will be explained 1n detail by referring to the drawings.

As a first embodiment, the recording apparatus of the
present invention can be applied to a digital VIR as shown
in FIG. 6 which records and reproduces video and audio data
as digital data on a magnetic tape.

This digital VIR of the first embodiment 1s provided with
a rotary head portion 1 which performs the recording and
reproduction of the recording data in a digital manner, a
recording system 2 which forms recording data based on a
video signal or video data supplied from the outside and
supplies the same to the rotary head portion 1, and a
reproduction system 3 which reproduces the video data from
the rotary head portion 1 and outputs the result.

The rotary head portion 1 1s provided with a rotary head
drum 1a which records and reproduces the recording data on
the magnetic tape at an angle, a travel control unit 4
controlling the travel of the magnetic tape wound around the
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rotary head drum 1a at a constant speed, a supporting
portion 5§ to which the rotary head drum 1la i1s afhixed, a
system controller 12 performing the control of the overall
apparatus, a reference voltage generation unit 13 generating
a reference voltage under the control of the system controller

12, etc.

The rotary head drum 1la 1s constituted by a columnar
stationary lower drum 6, a similar columnar stationary upper
drum 7, and a disk-like rotating drum 8 rotatably provided
in the stationary upper drum 7. At the circumference of the
rotating drum 8, two magnetic heads 9 are provided facing
cach other 180 degrees apart. Note that 1t 1s assumed that
cach of the magnetic heads has a single head gap.

This rotary head drum 1a 1s further provided with a
driving motor 59 which rotates the rotary head drum 8 at a
constant rotational speed under the control of the system
controller 12.

The supporting portion 5 1s constituted by a lower drum
athixing portion SF affixed to the stationary lower drum 6 and
an upper drum affixing portion 5E affixed to the stationary
upper drum 7. The lower drum affixing portion SF and the
upper drum affixing portion S3E are connected to each other
at the center portions and have a lying down H-shape
conilguration seen from the side surface.

The supporting portion 5 1s further provided with piezo-
electric actuators 10A and 10B which expand or contract in
accordance with a supplied voltage spanning the distance
between the lower drum affixing portion SF and the upper
drum athixing portion SE.

This rotary head portion 1 1s further provided with dis-
tance sensors 11A and 11B for detecting a distance between
the stationary lower drum 6 and the stationary upper drum
7, differential amplifiers 14A, 14B, 15A, and 15B driving
the piezoelectric actuators 10A and 10B based on the
reference voltage from the reference voltage generation unit
13 and the detection output of the distance sensors 11 A and
11B and a switching portion 16 which switches to the
recording signal supplied from the recording system 2 and
supplies the same to the magnetic head 9 and switches to the
reproduced signal of the magnetic tape from the magnetic
head 9 and supplies the same to the reproduction system 3.

The recording system 2 1s provided with an analog-to-
digital (A/D) conversion unit 21 which performs A/D con-
version on a video signal supplied from the outside 1n an
analog format, a switching unit 22 which switches between
the video data from the A/D conversion unit 21 and the video
data supplied from the outside 1n a digital format and outputs
the result, and a buffer 23 to which the video data from the
switching unit 22 1s supplied.

This recording system 2 1s further provided with a coding
unit 24 which reads the video data from the buffer 23 and
codes the same and, at the same time, adds an error correc-
fion code to this and outputs the result, a synchronization
generation unit 25 which adds synchronization information
to the output of the coding unit 24 and outputs the result, and
modulation units 26 A and 26B which perform for example
so-called 8-16 (Eight-Sixteen Modulation) coding on the
output of the synchronization generation unit 25 and sup-
plies the same to the switching unit 16.

The reproduction system 3 1s provided with demodulation
units 31 A and 31B which apply 8-16 decoding processing to
the reproduced signal which 1s reproduced by the rotary
head portion 1 and supplied via the switching unit 16, a
memory 32 to which the reproduced data demodulated by
the demodulation units 31A and 31B are supplied, and a
decoding unit 33 which applies error correction processing
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to the reproduced data read from the memory 32 and, at the
same time, applies decoding processing to this and outputs
the result.

This reproduction system 3 1s further provided with a
buffer 34 holding the decoded output from the decoding unit
33, a processing unit 35 performing processing on the
decoded output from the buffer 34, and a digital-to-analog
(D/A) conversion unit 36 which performs D/A conversion
on the output of the processing unit 35 and outputs the result.

Here, further concretely explaining the configuration of
the rotary head drum 1a, as shown 1n FIG. 7, the stationary
lower drum 6 and the stationary upper drum 7 are affixed to
the supporting portion 5 by a screw 41 A and a screw 42A,
respectively.

The stationary upper drum 7 1s formed with a bearing
holding portion 7A having a cylindrical shape. A rotary shaft
44 1s rotatably supported via the bearings 45A and 45B held

by the bearing holding portion 7A.

In the lower end of the rotary shaft 44, a fitting portion
46B having a cylindrical shape formed at the center portion
of a flange 46 1s fitted and afhixed. To an attachment surface

(upper surface) 46A of this flange 46, a rotating drum 8 is
athixed. Further, at positions of the circumference of the
rotating drum 8 facing each other by 180 degrees, two head
plates 56 are fastened. The two magnetic heads 9 are athxed
via the head plates 56 so as to slightly project from the
circumferential edge of the rotating drum 8. These magnetic
heads 9 can be finely adjusted 1in the heights thereof by an
adjustment screw 57, respectively. Due to this, the magnetic
heads 9 attached to the rotating drum 8 can be rotated
integrally with the rotary shaft 44.

The stationary lower drum 6 1s also formed with a bearing,
holding portion 6B. A rotary shaft 14 1s rotatably supported
by the bearings 55A and 55B held by the bearing holding
portion 6B. This rotary shaft 14 and the rotary shaft 44
provided on the stationary upper drum 7 side are connected
by a flexible joint 47. The rotary shaft 44 can be rotated
integrally with the rotary shaft 54 when rotating the rotary
shaft 14 by driving the drive motor 59.

Thus, by driving the drive motor 59, the magnetic head 9
can be rotated via the rotary shafts 54 and 44 and the rotating
drum 8.

To the lower end portion of the flexible joint 47, a rotor
53B of a rotary transformer 53 1s affixed. This rotor 53B can
rotate integrally with the flexible joint 47. Further, a stator
S3A of the rotary transformer 33 1s affixed to the surface of
the bearing holding portion 6B of the stationary lower drum

6.

In this rotary head portion 14, when the magnetic head 9
1s replaced, the rotating drum 8 1s replaced together with the
stationary upper drum 7. At this time, the assembly 1s made
so that the degree of parallelism of the attachment surface
46A of the flange 46 affixed to the rotary shaft 44 (namely
the perpendicularity of the attachment surface 46A of the
flange 46 with respect to the rotary shaft 44) and the degree
of planarity of the attachment surface of the rotary head
drum 8 with respect to the flange 46 are within the prelimi-
narily set tolerances and the error of the path of rotation of
the magnetic head 9 with respect to the stationary upper
drum 7 1s controlled within an allowable range.

Accordingly, by replacing the stationary upper drum 7
having the rotating drum 8 installed therein as mentioned
above, the attachment error of the rotating drum 8 occurring
where only the rotating drum 8 1s replaced can be elimi-
nated.

Further, if only the rotating drum 8 1s replaced when a
plurality of magnetic heads 9 are attached to the rotating
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drum 8 as mentioned above, 1t 1s necessary to adjust the
paths of rotation of a plurality of magnetic heads 9 1n a state
where the rotating drum 8 1s attached to the rotary head
portion la. When the stationary upper drum 7 having the
rotating drum 8 installed therein 1s replaced as mentioned
above, however, it 1s possible to adjust the paths of rotation
of the magnetic heads 9 1n a state where the rotary shait 44,
the flange 46, and the rotating drum 8 are attached to the
stationary upper drum 7 1n advance. By newly installing a
stationary upper drum 7 in which the rotating drum 8 1is
preliminarily installed and the paths of rotation of the
magnetic heads 9 are adjusted, 1t 1s possible to facilitate the
adjustment of the paths of rotation of the magnetic heads 69.

In the supporting portion 5 supporting the stationary
upper drum 7 and the stationary lower drum 6, two slits 5C
and SD are formed. Further, as shown 1 FIG. 8, recesses 5A
and 5B are formed while being communicated with the slit

SC.

Accordingly, the supporting portion 3 1s divided by the slit
5C mto an upper drum afixing portion SE supporting the
stationary upper drum 7 and a lower drum aflixing portion
SF supporting the stationary lower drum 6. The upper drum
athixing portion SE and the lower drum atfixing portion SF
are formed while being connected by a connection portion 9
formed between the recesses SA and 3B.

In the upper portion of this recess 5A, a support hole 70A
1s formed 1n a vertical direction, in which support hole 70A
1s provided a columnar piezoelectric actuator 10A. In this
piezoelectric actuator 10A, a lower end abuts against the
bottom surface of the recess 5A, and further an upper end
abuts against the screw 68A screwed into the screw hole
65A, whereby this 1s aflixed to the bottom surface of the
recess SA and the screw 68A.

Further, 1n the upper portion of the recess 5B, a support
hole 70B 1s formed 1n the vertical direction, 1n which support
hole 70B a columnar piezoelectric actuator 10B 1s provided.
In this piezoelectric actuator 10B, a lower end abuts against
the bottom surface of the recess 5B, and further an upper end
abuts against the screw 68B screwed into the screw hole
65B, whereby this 1s affixed to the bottom surface of the
recess 3B and the screw 68B.

The piezoelectric actuators 10A and 10B expand or con-
tract 1n the longitudinal direction thereof 1n accordance with
the respectively supplied voltages, that 1s, 1n a direction
indicated by an arrow d 1n FIG. 8 and a direction reverse to
the arrow d. Accordingly, by controlling the voltages sup-
plied to the piezoelectric actuators 10A and 10B to cause the
contraction of the piezoelectric actuator 10A and cause the
expansion of the piezoelectric actuator 10B, the upper drum
athixing portion SE 1s made to incline 1n a direction indicated
by an arrow a 1 FIG. 9B about the support point O, of the
connection portion 69.

Conversely, by causing the expansion of the piezoelectric
actuator 10A and causing the contraction of the piezoelectric
actuator 10B, the upper drum affixing portion SE 1s made to
incline 1n a direction reverse to the arrow a in FIG. 9B about
the support point O, of the connection portion 69.

As a result, as shown 1 FIG. 10A showing the supporting
portion 5 of FIG. 9B from the opposite side of the page
surface as the rotary head drum 1a, when the upper drum
athixing portion SE 1s inclined 1n the direction indicated by
the arrow a by the piezoelectric actuators 10A and 10B 1n a
state where the stationary upper drum 7 1s horizontal, as
shown 1n FIG. IOB the stationary upper drum 7 affixed to
the upper drum athixing portion SE 1s inclined in the direc-
tion indicated by the arrow a. Accordingly, the rotating drum
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8 integrally formed 1n the upper drum affixing portion SE 1is
inclined in the direction indicated by the arrow a together
with the stationary upper drum 7 and, as a result, the path of
the magnetic head 9 aflixed to the rotating drum 8 can be
inclined with respect to the magnetic tape coming into
sliding contact with the circumierential surface of the sta-
tionary upper drum 7 and the stationary lower drum 6.

Further, when the upper drum affixing portion SE 1s
inclined 1n the direction reverse to the arrow a by the
piezoelectric actuators 10A and 10B, as shown 1n FIG. 10C,
the stationary upper drum 7 afhixed to the upper drum
athixing portion SE 1s inclined 1n the direction reverse to the
arrow a 1n accordance with this. Accordingly, also the
rotating drum 8 integrally formed 1n the upper drum affixing
portion SE i1s inclined 1in a direction reverse to the arrow a
together with the stationary upper drum 7, and, as a result,
the path of the magnetic head 9 affixed to the rotating drum
8 can be 1nclined with respect to the magnetic tape coming
into sliding contact with the circumierential surface of the
stationary upper drum 7 and the stationary lower drum 6.

In this way, by adjusting the amounts of expansion and
contraction of the piezoelectric actuators 10A and 10B by
the voltages supplied to them, the scanning path of the
magnetic head 9 with respect to the magnetic tape can be
inclined 1n the azimuth direction. Below, such an adjustment
to the azimuth direction will be referred to as adjustment of
the degree of horizontality.

Further, 1n FIG. 8, the supporting portion S 1s divided by
a slit SD formed in the vertical direction into the lower drum
athixing portion SF athixing the stationary lower drum 6 and
upper drum atfixing portion SE affixing the stationary upper
drum 7 and the zenith adjustment portion 3G connected to
them via a connection portion 75.

In the zenith adjustment portion 5G 1s formed a support
hole 70C communicated with the lower drum atfixing por-
tion SF. The piezoelectric actuator 62 1s held in the support
hole 70C by a screw 63 screwed 1nto the screw hole 71. By
adjusting the voltage supplied to this piezoelectric actuator
62, the piezoelectric actuator 62 can be made to expand or
contracit.

Accordingly, by causing the expansion of the piezoelec-
tric actuator 62, the zenith adjustment portion 5G can be
displaced 1n a direction of approaching the lower drum
athixing portion SF, that 1s, in the direction indicated by the
arrow b, and, at the same time, by causing the contraction of
the piezoelectric actuator 62, the zenith adjustment portion
5G can be displaced 1n the direction moving away from the
lower drum affixing portion 5F, that i1s, in the direction
reverse to the arrow b.

Accordingly, as shown 1n FIG. 8, when displacing the
zenith adjustment portion 3G 1n the dlrectlon indicated by
the arrow b with respect to the lower drum atfixing portion
SF by the piezoelectric actuator 62, the stationary upper
drum 7 can be displaced via the upper drum aflixing portion
SE connected to the zenith adjustment portion 5G. The
direction of displacement of this stationary upper drum 7
becomes the direction indicated by the arrow ¢ about the
support point O, of the connection portion 75 of the sup-
porting portion 5.

Conversely, when the zenith adjustment portion 535G 1s
displaced 1n the direction reverse to the arrow b with respect
to the lower drum affixing portion SF, the stationary upper
drum 7 can be displaced via the upper drum aflixing portion
SE connected to the zenith adjustment portion 5G. The
direction of displacement of this stationary upper drum 7
becomes the direction reverse to the arrow ¢ about the
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support point O, of the connection portion 75 of the sup-
porting portion 5.

As a result, as shown 1 FIG. 11 A showing the supporting
portion 5 of FIG. 9B from the opposite side of the paper as
the rotary head drum 1a, when the stationary upper drum 7
1s displaced 1n the direction indicated by the arrow ¢ by the
piezoelectric actuator 62 1n a state where the stationary
upper drum 7 1s horizontal, as shown in FIG. 11B, the
rotating drum 8 integrally formed with the rotary shait 44 of
the stationary upper drum 7 1s also inclined in the direction
indicated by the arrow ¢ together with the stationary upper
drum 7. As a result, the path of the magnetic head 9 atfixed
to the rotating drum 8 can be displaced upward with respect
to the magnetic tape coming into sliding contact with the
circumferential surface of the stationary upper drum 7 and
the stationary lower drum 6.

Further, when the stationary upper drum 7 1s displaced in
the direction reverse to the arrow ¢ by the piezoelectric
actuator 62, as shown in FIG. 11C, the rotating drum 8
integrally formed with the rotary shaft 44 of the stationary
upper drum 7 1s also inclined 1n the direction reverse to the
arrow ¢ together with the stationary upper drum 7. As a
result, the path of the magnetic head 9 affixed to the rotating
drum 8 can be displaced downward with respect to the
magnetic tape coming 1nto sliding contact with the circum-
ferential surface of the stationary upper drum 7 and the
stationary lower drum 6.

In this way, by adjusting the amount of expansion and
contraction of the piezoelectric actuator 62, the scanning
path of the magnetic head 9 with respect to the magnetic tape
can be moved parallel to the vertical direction (zenith
direction). Below, such an adjustment to the zenith direction
will be referred to as adjustment of the degree of vertical
displacement.

Further, 1n the lower surface 8C of the rotating drum 8 of
the rotary head drum 1a, the region in which the magnetic
head 9 1s not disposed 1s subjected to processing to give 1t
a mirror surface. At a position opposite to the lower surtace
8C of the stationary lower drum 6, as shown 1n FIG. 12, the
above distance sensor 11B 1s affixed. This distance sensor
11B comprises a laser diode emitting a laser beam to the
lower surtface 8C of the rotating drum 8 and a light receiving
unit which receives the reflected laser beam reflected at the
lower surface 8C and detects the distance between the
distance sensor 11B and the lower surface 8C 1n accordance
with the position where the light 1s received. This distance
sensor 11B outputs the voltage level in accordance with the
position at which the reflected laser beam 1s received that 1s,
the distance between the distance sensor 11B and the lower
surface 8C, as the detection output.

This rotary head drum 1la 1s provided with distance
sensors 11A and 11C having the same configuration as that
of the distance sensor 11B. The distance sensors 11 A to 11C
are arranged so that, as shown 1n FIG. 9A showing the upper
surface of the rotary head drum 1a, the distance sensors 11B
and 11C are arranged at the center of rotation of the rotating
drum 8, that 1s, on the straight line passing through the rotary
shaft 44, and the distance sensor 11A 1s arranged at a
position away from the distance sensors 11B and 11C by an
interval of 90 degrees.

Further, the connection portion 69 of the supporting
portion 5 shown 1n FIG. 8 stands on the straight line passing,
through the distance sensors 11B and 11C. Due to this,
where azimuth adjustment 1s carried out for the rotating,
drum 8 by the piezoelectric actuators 10A and 10B and the
rotating drum 8 1s displaced in the azimuth direction, the
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detection output of the distance sensors 11B and 11C does
not change. The detection output of the distance sensors 11B
and 11C changes where the rotating drum 8 1s subjected to
zenith adjustment (adjustment of degree of vertical
displacement) by the piezoelectric actuator 62 and where the
rotating drum 8 1s displaced in the zenith direction.

Further, the detection output of the distance sensor 11A 1s
changed 1n a case where the rotating drum 8 1s subjected to
azimuth adjustment (adjustment of degree of horizontality)
by the piezoelectric actuator 62 and where the rotating drum
8 15 displaced in the azimuth direction.

Accordingly, only the displacement of the rotating drum
8 in the zenith direction can be detected by the detection
output of the distance sensors 11B and 11C and, at the same
time, only the displacement of the rotating drum 8 in the

azimuth direction, that 1s, the degree of horizontality, can be
detected by the detection output of the distance sensor 11A.

Next, an explanation will be made of the operation of the
digital VIR according to the present embodiment together
with the operation of such a rotary head drum 1a referring

to FIG. 6.

First, when recording an image, video data or a video
signal 1s supplied from the outside to the recording system
2. Where a video signal 1s supplied from the outside, the
video signal 1s supplied to the A/D conversion unit 21. The
A/D conversion unit 21 performs the A/D conversion for the
supplied video signal to form the video data and supplies the
formed video data to the switching unit 22. On the other
hand, where video data i1s supplied from the outside, the
video data 1s supplied to the switching unit 22.

The switching unit 22 switches between the video data
from the A/D conversion unit 21 and the video data from the
outside and supplies the result to the buffer 23. Due to this,
the video data obtained by performing the A/D conversion
on the video signal or the video data supplied from the
outside 1s stored 1n the buffer 23.

The system synchronization generation unit 27 extracts
the synchronization information from the video data or
video signal supplied from the outside and generates a
system synchronization signal for performing the control of
the entire apparatus in accordance with this synchronization
information. This system synchronization signal 1s used for
the control of the rotational speed of the magnetic head 9 etc.
by for example the above system controller 12. The coding
unit 24 reads a predetermined recording unit’s worth of
video data from the buffer 23 at every predetermined time
interval 1in synchronization with the system synchronization
signal from for example the system synchronization genera-
fion unit 26, performs processing such as addition of parity
for error correction to the read video data to code the same,
and supplies the result to the synchronization generation unit
25. The synchronization generation unit 25 adds the syn-
chronization information etc. to the coded video data from
the coding unit 24 and alternately supplies the same to the
modulation units 26A and 26B every predetermined record-
Ing unit.

The modulation units 26A and 26B perform 8-16 modu-
lation on the respectively supplied video data to form the
recording data when the predetermined unit’s worth of the
video data 1s supplied from the synchronization generation
unit 25 and supplies the formed recording data to the
switching unit 16. Due to this, the recording data from the
modulation units 26A and 26B are alternately supplied to the
switching unit 16. The switching unit 16 supplies the record-
ing data from the modulation unit 26 A to one magnetic head
Y and supplies the recording data from the modulation unit
26B to the other magnetic head 9.
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On the other hand, the system controller 12 controls the
travel control unit 4 to makes the magnetic tape travel 1n the
forward (FWD) direction or the reverse (REV) direction at
a constant speed when recording an 1mage. At the same time,
the system controller 12 controls the drive motor 59 based
on the synchronization information output from the system
synchronization generation unit 27 to rotate the rotating
drum 8 at a constant rotational speed.

The relationship between the speed of travel of this
magnetic tape and the rotational speed of the rotating drum
8 15 set so that during Y% rotation of the rotating drum 8, that
1s, during a period where one recording track’s worth of
recording 1s carried out by one magnetic head 9, the mag-
netic tape travels by the amount of two recording tracks.
Namely, the ratio between the speed of travel of the mag-
netic tape and the rotational speed of the rotating drum 8 1n
this case becomes 2 to 1 when defining the ratio when the
recording tracks are formed without gaps as shown 1n FIG.
3 1s 1to 1. When the recording is carried out by the magnetic
head 9 1n such a state, the FWD direction or the REV
direction recording tracks are formed on the magnetic tape
every other track. At this time, the rotating drum 8 1is
controlled by the system controller 12 so as to rotate in
synchronization with the synchronization information so
that the starting point of the signal recording by the magnetic
head 9 1s always located at a constant position on one end of
the recording tracks.

Further, in the system controller 12, a control signal CTL
1s generated based on the synchronization information of the
output of the system synchronization generation unit 27.
This CTL signal 1s a pulse signal with a duty ratio of 50%
having a cycle corresponding to the interval of the starting
point of the signal recording by the magnetic head 9 1n one
direction (FWD direction or the REV direction). The CTL
signal 1s supplied to the CTL head 80, which 1s the head for
performing the recording and reproduction of this signal,
and recorded on the control track (CTL track) provided in
the longitudinal direction of the magnetic tape 92.

Where the magnetic tape 1s made to travel in the FWD
direction to record the video data, the rotation of the
magnetic head 9 and the travel of the magnetic tape 92 are
controlled by the system controller 12 so that the rising edge
of the CTL signal 1s 1n synchronization with the starting
point of the signal recording by the magnetic head 9.

Note that, where recording 1n the REV direction following
the recording 1in the FWD direction, the rotation of the
magnetic head 9 and the travel of the magnetic tape 92 are
controlled by the system controller 12 so that the rising edge
of the reproduced CTL signal obtained by reproduction by
the CTL head 1s 1n synchronization with the starting point of
the signal recording by the magnetic head 9.

Further, where the magnetic tape 1s made to travel 1n the
FWD direction to newly carry out recording, the rotation of
the magnetic head 9 and the travel of the magnetic tape 92
are controlled by the system controller 12 so that the rising
edge of the CTL signal (not the reproduced CTL signal) is
in synchronization with the starting point of the signal
recording by the magnetic head 9.

Note that, when recording in the FWD direction following,
the recording in the REV direction, the rotation of the
magnetic head 9 and the travel of the magnetic tape 92 are
controlled by the system controller 12 so that the rising edge
of the reproduced CTL signal obtained by reproduction by
the C'TL head 1s 1n synchronization with the starting point of
the signal recording by the magnetic head 9.

Further, the system controller 12 instructs the reference
voltage generation unit 13 to generate the reference voltage
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in accordance with the predetermined angle of inclination
corresponding to the direction of travel 1n accordance with
the direction of travel of the magnetic tape.

The reference voltage generation unit 13 generates a first
reference voltage for controlling the piezoelectric actuator
10A and a second reference voltage for controlling the
piezoelectric actuator 10B 1n accordance with the angle of
inclination instructed by the system controller 12, supplies
the first reference voltage to the non-inverted input of the
differential amplifier 14A, and supplies the second reference
voltage to the non-inverted mput of the differential amplifier

14B.

The differential amplifier 14A finds a difference between
the first reference voltage and the detection output of the
distance sensor 11A and supplies the found difference signal
as the driving voltage to the piezoelectric actuator 10A via
the differential amplifier 15A. On the other hand, the dif-
ferential amplifier 14B finds the difference between the
second reference voltage and the detection output of the
distance sensor 11B and supplies the found difference signal

as the driving voltage to the piezoelectric actuator 10B via
the differential amplifier 15B.

Then, when the piezoelectric actuators 10A and 10B are
made to expand or contract in accordance with the supplied
driving voltage, the angle of inclination between the upper
drum athixing portion SE and the lower drum atfixing portion
SF 1s changed and the detection outputs of the distance
sensors 11A and 11B change in accordance with this.

When the detection output of the distance sensors 11 A and
11B changes, the level of the difference signal from the
differential amplifiers 14A and 14B i1s lowered, and the
driving voltage supplied to the piezoelectric actuators 10A
and 10B 1s lowered. Then, when the angle of inclination
between the upper drum atfixing portion SE and the lower
drum affixing portion SF becomes the predetermined angle
of 1nclination, the differences between the detection output
of the distance sensors 11A and 11B and the first and second
reference voltages become 0 and the driving of the piezo-
clectric actuators 10A and 10B 1s ended.

Due to this, the angle of inclination of the upper drum
athixing portion SE 1s controlled in accordance with the first
and second reference voltages, and the angle of inclination
of the stationary upper drum 7 athixed to the upper drum
athixing portion SE 1s controlled. Due to this, the angle of
inclination of the rotating drum 8 rotatably attached to the
stationary upper drum 7 1s controlled.

Namely, when recording in the FWD direction on the
magnetic tape, if the operator instructs the start of the
recording 1n the FWD direction to the system controller 12,
the system controller 12 controls the travel control unit 4 to
make the magnetic tape travel in the FWD direction and, at
the same time, controls the reference voltage generation unit
13 and performs the recording bringing the stationary upper
drum 7 into the horizontal state as shown 1 FIG. 13. At this
time, the magnetic head 9 scans the magnetic tape along the
path Trl having the predetermined angle of inclination.
Accordingly, by performing such recording, as shown 1n
FIG. 14A, recording tracks having a predetermined angle of
inclination are formed on the magnetic tape every other
track.

Further, where the travel of the magnetic tape 1s stopped
and recording on one recording track (still recording), the
system controller 12 controls the reference voltage genera-
tion unit 13 so as to, as shown in FIG. 13, cause the
contraction of the piezoelectric actuator 10A and cause the
expansion of the piezoelectric actuator 10B and perform the
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recording while 1inclining the stationary upper drum 7 1 the
direction 1indicated by the arrow a. At this time, the magnetic
head 9 scans the magnetic tape along the path Tr2 having the
same angle of inclination as that at the recording in the FWD
direction. Due to this, on the magnetic tape, recording tracks

having the same angle of inclination as that of the recording
tracks mn the FWD direction are formed.

Further, when recording in the REV direction following,
recording 1n the FWD direction on the magnetic tape, when
the operator instructs the system controller 12 to start the
recording 1in the REV direction,, the system controller 12
controls the travel control unit 4 to make the magnetic tape
fravel in the REV direction. At this time, the system con-
troller 12 controls the rotational speed of the rotating drum
8 so that the rising edge of the reproduced CTL signal 1s in
synchronization with the starting point of the signal record-
ing by the magnetic head 9. Further, together with this, the
system controller 12 controls the reference voltage genera-
tion unit 13 to further incline the stationary upper drum 7 1n
the direction mdicated by the arrow a, as shown in FIG. 8,
compared with the case where performing still recording and
then performs the recording. At this time, the magnetic head
9 scans the magnetic tape along the path Tr3 having the same
angle of inclination as that at the recording of the FWD
direction. Accordingly, by performing such recording, as
shown 1n FIG. 14B, recording tracks having the same angle
of inclination as that of the recording tracks of the FWD
direction are formed on the magnetic tape every other track.

Namely, after the recording in the FWD direction or REV
direction 1s carried out as mentioned above, when the

direction of travel of the magnetic tape 1s reversed by the
travel control unit 4 and then recording 1n the other direction

1s carried out, as shown 1n FIG. 14C, the recording tracks of
the FWD direction or REV direction are formed between the

recording tracks of the other direction.

Thus, 1 this digital. VIR, when performing recording in
the FWD direction and REV direction, the recording tracks
are formed at every other track (every other N number of
tracks if there are a plurality of N number of head gaps in
one magnetic head). At the same time, the angles of incli-
nation of the recording tracks of the FWD direction and
REYV direction are brought into coincidence with each other.
Theretore, 1t 1s possible to prevent the recording tracks of the
FWD direction and REV direction from being superimposed
on each other and therefore possible to reciprocally record
video data.

In this digital VIR, since reciprocal recording can be
carried out, the recording can be started from any position of
the magnetic tape without a necessity of rewinding. Further,
after the recording 1n one direction 1s ended, the direction of
travel of the magnetic tape 1s reversed, so recording 1n the
other direction can be successively carried out and therefore
recording for a predetermined recording time as determined
by the tape length can be carried out.

Next, when reproducing from a magnetic tape on which
video data 1s recorded as mentioned above, the system
controller 12 controls the travel control unit 4 to make the
magnetic tape travel at the same speed as that at the
recording 1n the FWD direction or the REV direction based
on the CTL signal obtained by the reproduction by the CTL
head 80 and, at the same time, rotates the rotating drum 8 at
the same speed as that at the recording. Further, the system
controller 12 changes the inclination of the stationary upper
drum 7 as shown 1n FIG. 13 1n accordance with the direction
of travel of the tape in the same way as the time of the
recording. Due to this, the magnetic head 9 scans the
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recording tracks formed at every other track as in the above
way. Each magnetic head 9 selectively reproduces from the
recording track of the FWD direction or REV direction
based on the edge of the CTL signal reproduced by the CTL
head 80 and sequentially supplies the reproduced signals of
the recording track to the switching unit 16.

When the reproduced signals are supplied from the mag-
netic heads 9, the switching unit 16 supplies the reproduced
signal from one magnetic head 9 to the demodulation unit
31A and supplies the reproduced signal from the other
magnetic head 9 to the demodulation unit 31B.

The demodulation units 31A and 31B provide a so-called
phase locked loop circuit (hereinafter referred to as PLL
circuit), which PLL circuit reproduces the clock of the
reproduced signal from the magnetic heads 9. Then, pro-
cessing such as binary-coding and 8-16 demodulation 1is
carried out on the reproduced signal according to the repro-
duced clock to form reproduced data. The reproduced data
are sequentially supplied to the memory 32. In this way, by
reproducing the clock of the reproduced signal and demodu-
lating the reproduced signal according to the reproduced
clock, even 1n a case where the clock frequency of the
reproduced signal fluctuates due to jitter, the reproduced
signal can be reliably demodulated according to the fluctu-
ated clock frequency.

On the other hand, the decoding unit 33 generates a
predetermined clock, reads the reproduced data stored 1n the
memory 32 according to this clock, decodes this reproduced
data, performs processing such as error correction, then
sequentially supplies the resultant data to the butfer 34. Due
to this, the reproduced data 1s read at the predetermined data
rate. The processing unit 35 reads the reproduced data held
in the buifer 34, performs the processing for this reproduced
data, and outputs the result as the video data and, at the same
time, supplies the video data to the D/A conversion unit 36.
The D/A conversion unit 36 performs D/A conversion on the
video data from the processing unit 35 to form the video

signal and outputs the resullt.

The data recorded on the recording tracks of the FWD
direction or REV direction of the magnetic tape 1s repro-
duced and the video data and video signal based on the
reproduced data are output in this way.

Note that, at the time of recording, it 1s also possible to
provide a reproduction magnetic head for performing repro-
duction from the recording tracks on which data has been
already recorded, reproduce from the recording tracks by the
reproduction magnetic head preceding the scan by the
recording magnetic head, detect the recording tracks of the
FWD direction and the recording tracks of the REV
direction, and thereby control the travel of the magnetic tape
ctc.

Alternatively, at the time of recording, it 1s also possible
to record 1in the memory the positions of the recording tracks
on which the recording is carried out, the track numbers, etc.
and, at later recording, control the travel of the magnetic tape
ctc. based on the positions of the recording tracks, track
numbers, etc. stored 1in the memory.

Due to this, 1t 1s possible to record on recording tracks of
the FWD direction or REV direction between the recording
tracks of the other direction. Also, when recording on the
recording tracks of the FWD direction or REV direction, 1t
1s possible to prevent overwriting of the recording tracks in
the other direction.

Further, when the magnetic tape 1s made to travel in the
FWD direction or REV direction at the time of reproduction
at the same speed as that at the time of recording and the
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recording tracks of the FWD direction or REV direction are
reproduced from, reverse reproduction of video data
becomes possible.

Note that, 1n the first embodiment, to bring the angles of
inclination of the recording tracks of the FWD direction and
REYV direction 1into coincidence with each other, the angle of
inclination of the scanning path Tr3 of the magnetic head 9
at the time of recording 1n the REV direction shown 1n FIG.
13 1s brought 1nto coincidence with the angle of inclination
of the scanning path Trl of the magnetic head 9 at the time
of recording in the FWD direction and, at the same time, the
angle of inclination of the stationary upper drum 7 when
recording 1in the FWD direction 1s set so that the stationary
upper drum 7 becomes horizontal with respect to the sta-
tionary lower drum 6 and accordingly the angle of inclina-
tion of the stationary upper drum 7 when recording in the
REYV direction becomes large.

For this reason, the angle of inclination of the stationary
upper drum 7 1s controlled only in one direction and the
symmetry of the angles of inclination of the stationary upper
drum 7 when recording 1n the FWD direction and recording
in the REV direction disappears, so there 1s an apprehension
that the design of the mechanism of the piezoelectric actua-
tors 10A and 10B etc. will be limited. Further, there 1s an
apprehension that when recording 1n the REV direction, the
angle of inclination of the stationary upper drum 7 will
become large, the contact between the magnetic tape and the
magnetic head 9 will become nonuniform, and the recording
and reproduction characteristics 1n the FWD direction are
apt to differ from those 1n the REV direction.

For this reason, the digital VIR according to the second
embodiment of the present 1nvention 1s configured so that
the angles of inclination of the stationary upper drum 7 when
recording 1 the FWD direction and when recording 1n the
REV direction become symmetrical. Note that, this digital
VTR of the second embodiment has the same configuration
as that of the digital VIR of the first embodiment shown 1n
FIG. 6 except for the rotary head portion. For this reason, an
explanation 1s omitted for the portions overlapping the
digital VIR of the first embodiment. The explanation will be

made below for just the portion different from the digital
VTR of the first embodiment.

In the digital VIR according to the second embodiment,
as shown in FIG. 15, control i1s performed so that the
scanning path of the head 9 having one head gap on the
magnetic tape when recording in the FWD direction
becomes the path Tr4 having the same angle of inclination
as the angle of mclination of the recording track when the
travel of the magnetic tape 1s stopped 1n a state where the
stationary upper drum 7 1s made horizontal with respect to
the stationary lower drum 6 and still recording 1s performed
(hereinafter, simply referred to as a still recording angle). In
such a state, when the rotating drum 8 1s rotated at the same
rotational speed as that for the first embodiment and the
recording 1n the FWD direction 1s carried out, as shown 1n
FIG. 16, recording tracks having such a still recording angle
are formed 1n the direction of travel of the magnetic tape at
every other track (every other N number of tracks when the
magnetic head 9 has a plurality of N number of head gaps).

Note that, 1n such a state, where the angle of inclination
of the stationary upper drum 7 1s fixed and the travel of the
tape 1s stopped or carried out 1n the REV direction, the
scanning path of the magnetic head 9 on the magnetic tape
becomes the path Tr5 or Tr6 having a further smaller angle
of inclination than the still recording angle as shown 1n FIG.

15.
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For this reason, 1n this digital VIR, similar to the digital
VIR according to the first embodiment, the angles of
inclination of the stationary drum when recording in the
FWD direction and when recording in the REV direction are
changed to bring the angles of inclination of the recording
tracks to be formed mto coincidence with each other.

Namely, when recording in the FWD direction on the
magnetic tape, the system controller 12 controls the refer-
ence voltage generation unit 13 to cause the expansion of the
piezoelectric actuator 10A and cause the contraction of the
piezoelectric actuator 10B and thereby perform the record-
ing while inclining the stationary upper drum 7 in the
direction reverse to the arrow a as shown 1n FIG. 17. At this
time, the magnetic head 9 scans the magnetic tape along the
path Tr7 having the same angle of inclination as the still
recording angle. Accordingly, by performing such recording,
as shown 1n FIG. 18, recording tracks of the FWD direction
having the still recording angle are formed at every other
track similar to the first embodiment.

Further, when performing still recording on the magnetic
tape, the system controller 12 controls the reference voltage
generation unit 13 to bring the stationary upper drum 7 into
a horizontal state with the stationary lower drum 6 as shown
in FIG. 17 and then performs the recording. At this time, the
magnetic head 9 scans the magnetic tape along the path Tr8&
having a still recording angle. Due to this, on the magnetic
tape, recording tracks having the still recording angle are
formed similar to the recording tracks of the FWD direction.

Further, when recording in the REV direction on the
magnetic tape, the system controller 12 controls the refer-
ence voltage generation unit 13 to cause the contraction of
the piezoelectric actuator 10A and cause the expansion of
the piezoelectric actuator 10B so as to incline the stationary
upper drum 7 in the direction mdicated by the arrow a as
shown 1n FIG. 12 and then performs the recording. At this
time, the magnetic head 9 scans the magnetic tape along the
path Tr9 having the still recording angle. Due to this,
recording tracks having the still recording angle are formed
on the magnetic tape at every other track similar to the
recording tracks in the FWD direction.

After the recording in the FWD direction, such recording
in REV direction 1s carried out, so the recording tracks of the
REYV direction are formed on the magnetic tape between the
recording tracks of the FWD direction as shown in FIG. 19.

Note that, 1n the second embodiment, when the magnetic
tape 1s made to travel 1in the FWD direction or the REV
direction for the recording, similar to the first embodiment,
the rotation of the magnetic head 9 and the travel of the
magnetic tape 92 are controlled by the system controller 12
so that the edge of the CTL signal or the reproduced CTL
signal 1s 1n synchronization with the starting point of the
signal recording by the magnetic head 9.

Thus, 1n this digital VIR, when recording in the FWD
direction and REV direction, recording tracks are formed at
every other track (every other N number of tracks where one
magnetic head has a plurality of N head gaps). At the same
time, the angles of inclination of the recording tracks of the
FWD direction and REV direction are brought into coinci-
dence with each other. Therefore, the superimposition of the
recording tracks of the FWD direction and REV direction
can be prevented and video data can be reciprocally
recorded.

In this digital VIR, as mentioned above, when still
recording 1s carried out, the stationary upper drum 7 1s made
horizontal with respect to the stationary lower drum 6.
Further, the state where the stationary upper drum 7 becomes
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horizontal with respect to the stationary lower drum 6
becomes the center of the control range of the angle of
inclination. When recording in the FWD direction, the angle
of 1nclination of the stationary upper drum 7 1s changed in
the reverse direction to the arrow a 1n FIG. 17, and when
recording 1n the REV direction, the angle of inclination of
the stationary upper drum 7 i1s changed in the direction
indicated by the arrow a in FIG. 17 and then the recording
carried out. For this reason, 1n this digital VI'R, the angle of
inclination of the stationary upper drum 7 when recording in
the FWD direction and the angle of inclination of the
stationary upper drum 7 when recording 1n the REV direc-
fion become symmetrical.

The mechanical loads applied to the connection portion
69 of the upper drum affixing portion SE to which the
stationary upper drum 7 1s affixed and the lower drum
athixing portion SF to which the stationary lower drum 6 1s
aflixed are determined 1n accordance with the angle of
inclination of the stationary upper drum 7. For this reason,
as mentioned above, by making the angles of inclination of
the stationary upper drum 7 when recording in the FWD
direction and REV direction symmetrical, the mechanical
loads of the supporting portion 5 can be made symmetrical,

and the design of mechanism can be facilitated.

Further, 1n this digital VIR, by making the angles of
inclination when recordings in the FWD direction and REV
direction symmetrical as mentioned above, the contact
between the magnetic tape and the magnetic head 9 can be
made uniform, the recording and reproduction characteris-
fics of the FWD direction and REV direction can be made
uniform, and stable recording and reproduction can be
carried out.

Next, 1n this digital VIR, when reproducing from a
magnetic tape on which the video data 1s recorded as
mentioned above, tracking control 1s performed for control-
ling the angle of inclination of the stationary upper drum 7
in accordance with the reproduction RF signal of the mag-
netic head 9 and bringing the scanning path of the magnetic
head 9 affixed to the rotating drum 8 1nto coincidence with
the recording tracks on the magnetic tape.

For this reason, the rotary head portion 1 of this digital
VTR 1s provided with a preamplifier AMP21 for amplifying
the RF output from the magnetic head 9, an RF peak
detection unit 86 for detecting the peak of the reproduction
RF signal, and an inclination controller 87 as shown in FIG.

20).

Further, this rotary head portion 1 is provided with, as the
piezoelectric actuator control unit controlling the piezoelec-

tric actuators 10A, 10B, and 10C, sensor amplifiers AMP11
and AMP12, control amplifiers AMP13 and AMP14, and
voltage drivers AMP15, AMP16, and AMP17.

The sensor amplifier AMP11 receives the output of the
inclination controller 87 as the mverted 1nput and receives
the detection output V12 of the distance sensor 11C as the
non-inverted input. The output of this sensor amplifier
AMP11 i1s supplied to the non-inverted mput of the control

amplifier AMP13.

Further, the control amplifier AMP13 receives the detec-
tion output V13 of the distance sensor 11A as the mverted
input. The output of this control amplifier AMP13 1s sup-
plied to the non-inverted input of the voltage driver AMP135
and the inverted iput of the voltage driver AMP16. The
oground voltage 1s respectively supplied to the inverted input

of the voltage driver AMP15 and the non-inverted input of
the voltage driver AMP 16.

Due to this, the control amplifier AMP13 supplies the
difference between the detection output V12 of the distance
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sensor 11C and the detection output V13 of the distance
sensor 11A as the error voltage V16 to the non-inverted input
of the voltage driver AMP1S5 and the mverted input of the
voltage driver AMP16.

As a result, the voltage drivers AMP1S and AMPI16
operate differentially with respect to the error voltage V16 so
driving voltages V21 and V22 causing the expansion of one
of the piezoelectric actuators 11A and 11B and, at the same
time, causing the contraction of the other are supplied to the
piezoelectric actuators 11A and 11B. Thus, by using the
height of the distance sensor 11B nearest to the moveable
support point O, with respect to the azimuth direction as the
reference, feedback can be supplied so that the detection
output of the distance sensor 11A coincides with the detec-
tion output of the distance sensor 11B and therefore azimuth
adjustment (adjustment of degree of horizontality) of the

rotating drum 8 can be carried out.

Here, the reproduced signal obtained via the magnetic
head 9 (hereinafter referred to as the reproduction RF signal)
SRF1 1s mput via the preamplifier AMP21 to the RF peak
detection circuit 86. The RF peak detection circuit 86
performs the peak detection of the RF signal from the
reproduction RF signal SRF1 and supplies the RF peak
signal SRF2 to the inclination controller 87.

More speciiically, an AC signal AC1 as shown 1n FIG. 21
1s superimposed on an offset voltage V14 to be given to the
sensor amplifier AMP 11 1n the inclination controller 87, the
driving voltages V21 and V22 to be given to the piezoelec-
tric actuators 10A and 10B are changed 1n an AC form, and
the piezoelectric actuators 10A and 10B are made to expand
or contract 1n accordance with this, whereby the maximum
value of the reproduction RF signal SRF1 obtained 1n a state
where wobbling 1s applied to the magnetic head 9 1s
detected.

The inclination controller 87 detects the inclination of the
track pattern formed on the magnetic tape with respect to the
scanning path of the magnetic head 9 based on the RF peak
signal SRF2 and supplies an offset voltage V14 that corrects
the inclination to the mverted mput of the sensor amplifier

AMPI1.

Accordingly, by supplying the differential voltage V13
between the detection output V12 of the distance sensor 11 A
and the offset voltage V14 to the control amplifier AMP13,
an 1nclination of the azimuth direction in accordance with
the offset voltage V14 1s given to the piezoelectric actuators
10A and 10B and the scanning path of the recording head 9
can be controlled.

Namely, 1n a case where the scanning path of the magnetic
head 9 1s inclined with respect to the recording tracks of the
magnetic tape, the reproduction RF signal SRF1 reproduced
via the magnetic head 9 becomes a signal waveform with an
envelope 1nclined as shown 1 FIG. 22A. In this case, the
inclination controller 87 revises the scanning path of the
magnetic head 9 1n accordance with the recording tracks so
as to coincide with the inclination of the recording tracks.
Due to this, the scanning path of the magnetic head 9
coincides with the recording tracks on the magnetic tape and
a good reproduction RF signal SRF1' as shown 1n FIG. 22B
can be obtained.

In this digital VTR, by controlling the scanning path of the
magnetic head 9 as mentioned above, even 1n a case where
the direction of travel of the magnetic tape 1s changed to the
FWD direction or the REV direction, the scanning path of
the magnetic head 9 can be brought 1nto coincidence with
the recording tracks and correct reproduction from the
recording tracks in the FWD direction or the REV direction
can be carried out.




3,963,388

21

Further, by performing the control as mentioned above,
even 1n a case where the angle of inclination of the recording
track differs for every magnetic tape due to for example the
stretching of the tape, by controlling the scanning path of the
magnetic head 1n accordance with the recording tracks on
the magnetic tape, correct reproduction from the recording
tracks can be carried out.

On the other hand, the sense amplifier AMP12 receives
the detection output V11 of the distance sensor 11B as the
non-inverted input and receives the adjustment voltage V17
obtained by dividing the power supply voltage Vcc by the
variable resistance R12 as the non-inverted input. The output
of the sense amplifier AMP12 1s supplied to the non-inverted
input of the control amplifier AMP14.

The control amplifier AMP14 receives the detection out-
put V13 of the distance sensor 11 A as the inverted input. The
output of this control amplifier AMP14 1s supplied to the
non-inverted input of the voltage driver AMP17. The
inverted mput of the voltage driver AMP17 receives the
oground voltage.

Due to this, the control amplifier AMP14 supplies a
difference between the detection output V13 of the distance
sensor 11A and the detection output V14 of the distance
sensor 11B as the error voltage V19 to the voltage driver
AMP17. The voltage driver AMP 17 supplies a driving
voltage V23 which makes the difference between the detec-
tion outputs V11 and V13 of the distance sensors 11A and
11B zero to the piezoelectric actuator 62. The piezoelectric
actuator 62 1s made to expand or contract in accordance with
the driving voltage V23.

As a result, by using the height of the distance sensor 11A
nearest to the moveable support point O, with respect to the
zenith direction as the reference, feedback can be supplied
so that the detection output of the distance sensor 11B
coincides with the detection output of the distance sensor
11A and zenith adjustment (adjustment of degree of vertical
displacement) of the rotating drum 8 can be carried out.

Further, when the rotating drum 8 1s 1nclined at an angle
in the zenith direction, the system controller 12 changes the
ratio of division of the power supply voltage Vcc by the
variable resistance R12. Due to this, the adjustment voltage
V17 to be supplied to the sensor amplifier AMP12 1s
changed and the driving voltage V23 supplied to the piezo-
clectric actuator 62 can be adjusted.

Due to this, 1n this digital VIR, when the stationary upper
drum 7 1s replaced, even if there 1s an attachment error, the
degree of vertical displacement of the rotating drum 8 can be
adjusted by adjusting the adjustment voltage V17 to be
supplied to the sensor amplifier AMP12 as mentioned above
and therefore the recording and reproduction can be carried
out after correcting the attachment error.

As explained above, 1n this digital VIR, when the system
controller 12 controls the travel system 4 to make the
magnetic tape travel in the FWD direction or the REV
direction, the inclination controller 87 controls the angle of
inclination of the stationary upper drum 7 in accordance
with the reproduced RF signal reproduced by the magnetic
head 9 as mentioned above. Due to this, the magnetic head
9 stably scans the recording tracks and the video data
recorded on the recording tracks is reliably reproduced.

Note that, 1n the above embodiment, a magnetic head 9
having one head gap was used, but 1t 1s also possible to use
a magnetic head 9 having a plurality of N number of head
gaps 1n place of this. In this case, recording tracks are
formed on the magnetic tape at every other N number of
tracks (at each other mN number of tracks where a plurality
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of m number of magnetic heads are used) in one directional
recording and the system controller 12 controls the rotation
of the magnetic head and the travel of the tape so that the
recording tracks are formed in the empty track recording
portions 1n the recording of the other direction.

Further, 1n the above embodiments, a description was
made of a case where the rotary shaft 54 rotatably attached
to the stationary lower drum 6 side was driven by the drive
motor 59, and the rotary shaft 44 connected to the rotary
shaft 54 by the flexible joint 47 was rotated, but it 1s also
possible if the rotary shaft 54 and the rotary shaft 44 are
respectively driven to rotate 1n synchronization by separate
drive motors.

Further, 1n the above embodiments, an explanation was
made of the case where the present invention was applied to
a digital VTR, but the present invention i1s not limited to the
above embodiments. The present invention can be applied to
any recording apparatus for performing the recording of an
analog video signal, digital audio signal, audio data, or data
from a data processing apparatus so long as the recording 1s
carried out by using a rotary head drum. Of course, various
modifications are possible other than this within a range not
out of the technical gist of the present invention.

What 1s claimed 1s:

1. A signal recording apparatus wherein a tape-like
recording medium 1s made to travel in a first direction of
travel and a second direction of travel reverse to said first
direction of travel, wherein an input signal 1s recorded on the
tape-like recording medium by heads coupled to first and
second rotary drums, said apparatus comprising:

a signal processor, including a synchronization detector
for detecting synchronization information indicative of
the timing of the mput signal, for processing the input
signal to be recorded on the tape-like recording
medium;

a rotary processor, having first and second recording
heads coupled respectively to said first and second
rotary drums for forming N number of respective first
and second recording tracks per scan on the tape-like
recording medium as said first and second rotary drums
rotate, for causing said first and second recording heads
coupled to said first and second rotary drums to record
the 1nput signal processed by the signal processor on
the tape-like recording medium as said first and second
recording tracks;

a recording controller for controlling a travel speed of the
tape-like recording medium and a rotational speed of
the first and second rotary drums based on the synchro-
nization information so that the first and second record-
ing tracks are formed on the tape-like recording
medium 1n units of N number of first and second tracks;

an angle of inclination controller for controlling the
inclination of the second rotary drum with respect to
said tape-like recording medium and said first rotary
drum thereby setting the angle of inclination of the
second recording tracks formed by the second rotary
drum with respect to the second direction of travel of
the tape-like recording medium; and

a confroller for controlling the recording of the input
signal processed by the signal processor to the tape-like
recording medium by causing the tape-like recording,
medium to travel 1n the first direction of travel and the
second direction of travel,

wherein, said controller controls the recording controller
and the angle of inclination controller so that the first
recording tracks are formed on said tape-like recording



3,963,388

23

medium at a predetermined angle of inclination with
spaces between said first recording tracks when record-
ing in the first direction of travel, and

wherein, said controller controls the recording controller
so that the second recording tracks are formed during
said second direction of travel 1n said spaces between
the first recording tracks formed during recording in the
first direction of travel and, at the same time, controls
the angle of inclination controller so that the second
recording tracks formed during recording 1n the second
direction of travel are parallel to the first recording
tracks formed during recording 1n the first direction of
travel.
2. A signal recording apparatus as set forth in claim 1,
wherein said signal recording apparatus further comprises:

a control signal generator for generating a control signal
based on said synchronization information; and

a control signal recorder/reproducer for recording and
reproducing said control signal on said tape-like
recording medium, wherein, said controller, when said
control signal recorder/reproducer records said control
signal, causes said tape-like recording medium to travel
in said first direction of travel and causes said input
signal to be recorded on said tape-like recording
medium based on the control signal obtained by repro-
duction by said control signal recorder/reproducer
when recording 1n said second direction of travel.

3. A signal recording apparatus as set forth 1n claim 2,
wherein said control signal recorder/reproducer records/
reproduces said control signal 1n a longitudinal direction of
said tape-like recording medium.

4. A signal recording apparatus as set forth in claim 1,
further comprising:

a first rotary holding member and a second rotary holding
member for respectively holding said first and second
rotary drums;

a first rotary shaft rotatably situated in said first rotary
holding member;

a second rotary shaft rotatably situated in said second
rotary holding member separately with respect to said
first rotary shaft;

a synchronizer for synchronizing the rotation between
said first rotary shaft and said second rotary shaft; and

wherein said second rotary drum 1s affixed to said second
rotary shaft,

wherein, said angle of inclination controller sets said
angle of inclination to said predetermined angle of
inclination by controlling the inclination of said second
rotary holding member.

5. A signal recording apparatus as set forth in claim 4,
wherein said controller controls said angle of inclination
controller so that a center of the control range of said angle
of inclination 1s set to the angle of inclination during
suspension of travel of said tape-like recording medium.

6. A signal reproducing apparatus wherein a signal 1is
recorded on a tape-like recording medium along recording
tracks having a predetermined angle of inclination formed 1n
units of N number of first recording tracks 1n a first direction
of travel with spaces between said first recording tracks
formed 1n said first direction of travel, wherein said signal 1s
recorded along M number of second recording tracks of the
predetermined angle of inclination in said spaces between
the first recording tracks formed in the first direction of
travel, wherein second recording tracks are formed in a
second direction of travel reverse to the first direction of
travel, wherein a control signal indicative of the timing of
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the recording of said signal 1n the first direction of travel and
the second direction of travel 1s recorded on said tape-like
recording medium, said apparatus comprising:

first and second rotary drums, having respective first and
second reproduction heads coupled thereto for repro-
ducing the signal from the respective first and second
recording tracks of the tape-like recording medium, for
obtaining a reproduced signal from the first and second
recording tracks formed on the tape-like recording
medium;

a control signal reproducer for reproducing the control
signal recorded on the tape-like recording medium,;

a signal processor for processing the reproduced signal to
thereby produce an output signal;

a reproduction controller for controlling a travel speed of
the tape-like recording medium and a rotational speed
of the first and second rotary drums based on the
control signal so that the signal recorded on the first and
second recording tracks on the tape-like recording
medium are reproduced respectively by the first and
second reproduction heads;

an angle of inclination controller for controlling the
inclination of the second rotary drum relative to the first
rotary drum so as to set the angle of scanning the
second reproduction head with respect to the second
direction of travel of the tape-like recording medium;
and

a controller for controlling the reproduction of the signal
recorded on the tape-like recording medium based on
the reproduced control signal by causing the tape-like
recording medium to travel in the first direction of
travel and the second direction of travel,

wherein, said controller controls the reproduction control-
ler and the angle of inclination controller to scan the
first recording tracks at the predetermined angle of
inclination when reproducing the tape-like recording
medium 1n the first direction of travel, and

wherein, said controller controls the reproduction control-
ler and the angle of inclination controller so that the
second recording tracks recorded in the second direc-
tion of travel between the recording tracks scanned 1n
the first direction of travel are scanned in the second
direction of travel.

7. A signal reproducing apparatus as set forth 1n claim 6,
wherein said controller determines said N and M number of
recording tracks to be reproduced 1n said first direction of
travel and said second direction of travel based on the
reproduced control signal.

8. A signal reproducing apparatus as set forth i claim 6,
wherein said control signal 1s recorded 1n the longitudinal
direction of the recording medium of said tape-like record-
ing medium and said control signal reproducer reproduces
said control signal recorded in the longitudinal direction of
said tape-like recording medium.

9. A signal reproducing apparatus as set forth 1in claim 6,
further comprising:

a supporting portion affixing a first rotary holding member
and a second rotary holding member for respectively
holding said first and second rotary drums;

a first rotary shaft rotatably situated in said first rotary
holding member;

a second rotary shaft rotatably situated in said second
rotary holding member separately with respect to said
first rotary shaft;

a synchronizer for synchronizing the rotation between
said first rotary shaft and said second rotary shaft; and
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wherein said second rotary drum 1s affixed on said second
rotary shaft, and

wherein, said angle of inclination controller sets the angle
of scanning of said first and second reproduction heads
with respect to the respective first and second directions
of travel of said tape-like recording medium by respec-
tively controlling the inclination of said first and second
rotary holding members.

10. A signal reproducing apparatus as set forth in claim 9,
wherein said controller controls said angle of inclination
controller so that a center of the control range of the angle
of scanning of said reproduction head 1s set to the angle of
scanning during the suspension of travel of said tape-like
recording medium.

11. A signal reproducing apparatus as set forth 1n claim 10,
wherein:

said signal processor includes a signal level detector for
detecting a signal level of said reproduced signal;

said first and second rotary drums includes a detector for
detecting a signal level of said reproduced signal; and

said controller includes a tracking controller for bringing,
the path of the scanning of said first and second
reproduction heads into coincidence with said first and
second recording tracks 1n accordance with the signal
level of said reproduced signal and the amount of
inclination of said first and second rotary drums.
12. A signal recording and reproducing apparatus wherein
a tape-like recording medium 1s caused to travel in a first
direction of travel and a second direction of travel reverse to
the first direction of travel, wheremn an input signal is
recorded/reproduced to/from the tape-like recording
medium, said apparatus comprising;:

a recording signal processor, including a synchronizing
detector for detecting synchronization information

indicative of the timing of an input signal, for process-
ing the mput signal to be recorded on the tape-like
recording medium;

first and second rotary drums, having first and second
recording heads coupled respectively thereto for
forming, during the respective first and second direc-
tions of travel, N number of respective first and second
recording tracks per scan on the tape-like recording
medium as said first and second rotary drums rotate, for
recording the input signal processed by the signal
processor on the tape-like recording medium on said
first and second recording tracks;

first and second reproduction heads for reproducing the
input signal recorded on the N number of respective
first and second recording tracks per scan on the
tape-like recording medium;

a reproduced signal processor for processing the signal
reproduced by the first and second reproduction heads
to produce an output signal;

a control signal generator for generating a control signal
based on the synchronization information;

a control signal recorder/reproducer for recording and
reproducing the control signal 1n the longitudinal direc-
tion of the tape-like recording medium;

a recording and reproduction controller for controlling a
travel speed of the tape-like recording medium and a
rotational speed of the first and second rotary drums
based on the synchronization information so that the
first and second recording tracks are formed on said
tape-like recording medium on the tape-like recording
medium in units of N number of tracks and controlling
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the travel speed of the tape-like recording medium and
the rotational speed of the first and second rotary drums
based on the reproduced control signal so that the
signal reproduced by the first and second reproduction
heads 1s reproduced from said tape-like recording
medium;

an angle of inclination controller for controlling the
inclination of the second rotary drums relative to said
first rotary drum to set the angle of scanning of the
second recording head and the second reproduction
head with respect to the direction of travel of the
tape-like recording medium; and

a controller for controlling the recording of the input
signal processed by the signal processor to the tape-like
recording medium and the reproduction of the signal
recorded on the tape-like recording medium by causing,
the tape-like recording medium to travel in the first
direction of travel and the second direction of travel,

wherein, said controller controls the recording and repro-
duction controller and the angle of inclination control-
ler so that the first recording tracks are formed on said
tape-like recording medium at a predetermined angle of
inclination with spaces between said first recording
tracks with respect to the first direction of travel of the
tape-like recording medium,

wherein, said controller controls the recording and repro-
duction controller so that the second recording tracks
are formed during said second direction of travel 1n said
spaces between the first recording tracks formed during,
recording 1n the first direction of travel,

wherein, said controller controls the angle of inclination
controller so that the second recording tracks formed
during recording 1n the second direction of travel are
parallel to the first recording tracks formed during
recording in the first direction of travel,

wherein, said controller controls the recording and repro-
duction controller and the angle of inclination control-
ler based on the reproduced control signal to scan the
first recording tracks at the predetermined angle of
inclination when reproducing the tape-like recording
medium 1n the first direction of travel, and

wherein, said controller controls the recording and repro-
duction controller and the angle of inclination control-
ler based on the reproduced control signal to scan
during said second direction of travel the second
recording tracks between the first recording tracks
scanned during reproduction in the first direction of
travel.

13. A signal recording and reproducing apparatus as set
forth 1n claim 12, wherein said controller, when said control
signal recorder/reproducer records said control signal,
causes said tape-like recording medium to travel in said first
direction of travel and causes said input signal to be recorded
on said tape-like recording medium based on the control
signal obtained by reproduction by said control signal
recorder/reproducer when recording 1n said second direction
of travel.

14. A signal recording and reproducing apparatus as set
forth 1n claim 12, wherein said controller determines said N
number of units of recording tracks to be reproduced 1n said
first direction of travel and said second direction of travel
based on the control signal reproduced by said control signal
recorder/reproducer when reproducing the signal from said
tape-like recording medium.

15. A signal recording and reproducing apparatus as set
forth in claim 12, wherein said control signal recorder/
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reproducer records/reproduces said control signal 1n the
longitudinal direction of said tape-like recording medium.

16. A signal recording and reproducing apparatus as set
forth 1n claim 12, further comprising;:

a first rotary holding member and a second rotary holding
member for holding said first and second rotary drums,
respectively;

a first rotary shaft rotatably situated in said first rotary
holding member;

a second rotary shaft rotatably situated 1n said second
rotary holding member separately with respect to said
first rotary shaft;

a synchronizer for synchronizing the rotation between
said first rotary shaft and said second rotary shaft; and

wherein said second rotary drum 1s affixed to said second
rotary shaft,

wherein, said angle of inclination controller sets the angle
of scanning of said second recording head and said
second reproduction head with respect to the direction
of travel of said tape-like recording medium to a
plurality of angles by controlling the inclination of said
second rotary holding member.
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17. A signal recording and reproducing apparatus as set
forth 1n claim 16, wherein said controller controls said angle
of inclination controller so that a center of the control range
of the angle of scanning of said second recording head and
said second reproduction head 1s set to the angle of scanning
during suspension of travel of said tape-like recording
medium.

18. A signal recording and reproducing apparatus as set
forth 1n claim 17, further comprising:

a signal level detector for detecting a signal level of the
signal reproduced by said first and second reproduction
heads;

a detector for detecting the amount of inclination of said
first and second rotary drums; and

a tracking controller for bringing the path of the scanning
of said second reproduction head mnto coincidence with
said second recording tracks 1n accordance with the
signal level of said reproduced signal and the amount of
inclination of said first and second rotary drums.
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